Introduction
The interfacial behavior of ions is of key importance in a number of phenomena and processes ranging from biological systems to microand nanouidics. Ion-surface interactions are important both in a direct way, e.g. in sorption or ion exchange related eects, or indirectly because modifying the eective surface charge they will aect the structure of the electric double layer, hence the interaction between charged particles in aqueous solutions. 10 For example, with charged walls, channels can be lled with a unipolar solution of counter-ions, suggesting that the type and concentration of ions can be controlled by the surface charge density of the channel wall. 11 12 In addition, "specic eects" could allow for even ner control over the ion type as specic adsorption will eventually determine the double layer structure.
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Determining the interfacial distribution of ions with sucient accuracy is, however, a chal- 
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In order to calculate the uorescence intensity, the sample is divided in as many layers j as necessary to describe the elemental distribution. We choose the layers to be thin enough for the local density of element k in layer j ρ k,j (z)
to be constant. The uorescence intensity for element k at grazing angle of incidence θ is then given by:
where the constant B k depends on the uores-cence yield, detection eciency and geometrical factors. E j (z) is the electric eld in layer j which is calculated in each layer using the matrix method. 31 T k,j (z) is the transmission of the uorescence intensity emitted by element k from layer j to the detector. As we are looking for nanometric layers close to the substrate, T k,j (z) is in fact independent of j. With this approximation,
Writing for a plane wave
where the A ± j coecients are determined using the matrix method following 31 and integrating over layer j, one simply has:
Though this method is accurate, it does not allow one to develop an intuition of the expected shape of the standing wave curve. For a monolayer located at z, one would have
where R(θ) is the intensity of the reected beam and φ(θ) is the phase between the incident and reected beam which varies from π to 0 across the Bragg peak. Eq. (5) can help comparing dierent X-ray standing wave curves, even in slightly more complex cases. This is illustrated in Fig. 2 where we have represented the calculated uorescence from a hypothetical 2Å thick layer of ions adsorbed from a 1µm thick lm of solution. The uorescence intensity is rep-resented for dierent locations of the surface layer above the interface when this thin layer contains as many ions as the solution (50% of total number of ions), or only 5% of the total number of ions.
Obviously, the sensitivity is very high for the 50% case. However the dierent location can still be distinguished in a t with good quality data in the 5% case as the shape of the curve is still signicantly dierent. The dierences in the curves recorded at a grazing angle of incidence of 0.25 • below the Bragg peak (1.95 • ) and at the Bragg peak (grazing angle of incidence of 2.10 • ) in Fig. 4 directly result from the interfacial distribution of ions.
Indeed, shifting the standing wave eld distribution, dierent positions above the interface are probed as shown in Fig. 2 . This is however more clearly seen by representing the uorescence for each chemical element as a function of the grazing angle of incidence around the Bragg peak (standing wave curves).
Standing wave curves.
Typical standing wave curves (uorescence intensity for each element as a function of the grazing angle of incidence across the Bragg peak) are given on Fig. 5 .
Standing wave curves for the thicker sample to the experimental curve by minimizing the χ 2 function, one obtains the composition, con-Bragg S2 -I S2 -K S2 -Cl S1 -Cs S1 -K S1 -Cl gives the expected number of ions in the cell.
As can be seen in Fig. 6 (top 
In Eq. (6), ρ = i n i ez i is the charge density, with n i the concentration of the ion i of valency z i . e = 1.602×10 −19 C is the elementary charge, 0 = 8.85 × 10 −12 F/m is the vacuum permittivity and r the relative permittivity. Concentrations in the double layer obey a Boltzmann distribution:
with k B the Boltzmann constant and T the temperature. Insertion of Eq.(7) into Eq. (6) gives after simple integration the Poisson-Boltzmann equation for the potential:
The charge in the double layer can be written:
where d is the location of the outer Helmholtz plane which xes the border between the Stern layer and the diuse layer ( Fig. 7) . 
and 
The potential dependance in the Stern layer can be obtained by considering the Stern layer as a molecular condenser of capacitance C Stern where the potential drop is linear:
We now have a full set of equations Eqs. This work pK K = 3 pK K = 2 pK K = 1 
Partition between Stern layer and solution.
In contrast to the previous estimates of pK K , our measurements provide a direct access to surface concentrations.
We These results can be compared to the Gouy-Chapman-Stern model presented above in order to check whether they are in the expected range. With pK K = 2, we obtain Γ SiOK ≈ 0.13/nm 2 for a 0.1mM solution of KCl at pH=7, Γ SiOK ≈ 0.5/nm 2 for a 1mM solution and Γ SiOK ≈ 1.13/nm 2 for a 10mM solution, in fairly good agreement with our experimental results ( Fig. 8 (top) ). As shown on Fig. 8 (top Table   1 in Supporting Information for tting parameters.
Two representative examples are given on Fig.   9 for a 1mM KCl/CsCl mixture in a 50nm thick sample and a 1mM KCl/KI mixture in a 120nm thick sample. The XSW curves have been analysed using the model described above, where the ionic distributions have been convolved with the surface roughness. We rst note that there is a large concentration of both cations and anions in a 4 to 5 Å thick layer, with concentrations ≈ 100 times larger than in the bulk of the lm. Then, looking more deeply into the details, we see that in all cases, cations are located closer to the surface than anions, as expected for a negatively charged surface, and K + and 
Conclusion
In this paper, we have shown that X-ray standing waves can be used to investigate ionic distri- 
